Background Evidence of humanistic detriments of Clostridium difficile infection (CDI) remains limited. Aims To assess humanistic burden associated with CDI. Methods Self-reported National Health and Wellness Survey data between 2013 and 2016 were analyzed for the USA, five European countries, China, and Brazil. Outcome measures included SF-36v2 ® for health-related quality of life (HRQoL) and Work Productivity and Activity Impairment questionnaire. Respondents (≥ 18 years old) were classified as (1) currently treated doctor-diagnosed CDI (C-CDI), (2) doctor-diagnosed prior CDI (P-CDI), or (3) never experienced CDI (NO-CDI). Regression modeling assessed the association between CDI status and outcomes, adjusting for potential confounders. Results Of 352,780 respondents, 299, 2111, and 350,370 met the criteria for C-CDI, P-CDI, and NO-CDI, respectively, with 45% of the total from the USA. C-CDI and P-CDI respondents were older, were less often employed and had more comorbidities than those with NO-CDI. After adjustment for covariates, C-CDI and P-CDI had significantly lower HRQoL relative to NO-CDI for mental (MCS 39, 43 vs. 46) and physical (PCS 39, 41 vs. 46) component summary scores, and health utility (SF-6D 0.58, 0.64 vs. 0.71) (all p < 0.05), meeting common thresholds for minimally important differences. Those with C-CDI and P-CDI reported missing more work (21, 16 vs. 8%), greater impairment while working (43, 34 vs. 22%), and more activity impairment (61, 49 vs. 34%) than those with NO-CDI (all p < 0.05), respectively. Conclusions CDI is associated with meaningfully worse HRQoL and greater impairment to work and activities compared with NO-CDI. The impairment directly attributable to CDI requires further evaluation.
Introduction
Clostridium difficile is the most common cause of infectious diarrhea in hospitalized patients and the leading cause of healthcare-associated infections in hospitals [1] [2] [3] . A population study estimates that the annual volume of Clostridium difficile infection (CDI) in the USA tops 450,000 cases [2] . Due to this statistic, the United States of America (US) Centers for Disease Control and Prevention has classified CDI as an urgent public health threat [4] . In addition to healthcareacquired CDI, community-acquired CDI is increasingly a concern as rates increase [5] [6] [7] . Though lower in incidence than in the USA, CDI remains a large and growing concern in both Europe and Asia; however, published estimates may undercount the actual burden given the lack of testing, underdiagnoses, and potentially missed community-acquired cases [8] [9] [10] [11] [12] .
Numerous studies have documented clinical and economic consequences of CDI. Patients with CDI have longer lengths of hospital stay [13] [14] [15] [16] [17] , are more frequently readmitted to the hospital, are less likely to be discharged directly home from the hospital [13, 18] , and incur higher hospital costs [19, 20] than those without CDI. Nursing home residents with CDI have been found to incur greater direct medical costs including hospital costs, nonhospital-based outpatient medical costs, and prescription costs [21] compared to those without CDI. The total economic impact is considerable, with CDI estimated to contribute nearly $5 billion in excess healthcare costs in the USA [19] and nearly €3 billion in Europe [22] .
In contrast, few studies have examined the impact of CDI on health-related quality of life (HRQoL). Some of the studies published to date that demonstrate potentially serious negative HRQoL consequences of CDI [23] [24] [25] present multiple methodological challenges that may limit their interpretation. To address this evidence gap, we assessed the HRQoL, work productivity, and activity impacts of CDI using a large international survey.
Methods

Data Source
We used data from the National Health and Wellness Survey (NHWS; Kantar Health, New York, NY, USA), a cross-sectional, primarily Internet-based commercial survey of adults (aged 18 years and older) fielded annually in the USA and periodically in nine other countries. The majority of potential respondents to NHWS are identified through commercial survey panels (e.g., MySurvey. com and Lightspeed GMI), which recruit their members through convenience methods such as targeted advertisements, e-newsletters, and online banner placements. The NHWS sample is derived from these panels through random sampling stratified by key characteristics to attempt a sample derivation that is representative of the adult population of each participating country. These include age and sex for all countries with the addition of white/ nonwhite race in the USA. Online recruitment is supplemented by offline recruitment for certain age-groups in countries with lower Internet penetration among the older population (Brazil, China; 2013 France, Germany, Italy, Spain; 2016 Germany, Italy). The 2013 surveys received Institutional Review Board (IRB) approval from the Essex IRB (Lebanon, New Jersey, USA). The 2015 and 2016 surveys were approved by the Pearl IRB (Indianapolis, Indiana, USA). All respondents provided informed consent prior to participating.
Study Cohort
The surveys used to create the cohort were from the USA (2013, 2015) , Europe (EU5: UK, France, Germany, Italy, and Spain; 2013, 2016), Brazil (2015) , and China (2013, 2015) . Depending on the year and country of the survey, 4-16% of those who were invited to the survey completed the entire NHWS. These response rates were largely due to individuals not opening the invitation or not clicking on the survey link; most of those who clicked the link and completed the screening questions (61-79%, again depending on country and year) completed the survey. Because the NHWS is a cross-sectional survey and multiple years of data are included, a few respondents might have participated in multiple years. To avoid having these respondents unduly impact the results, only 1 year of data for such respondents were included in the analysis. For respondents who completed the survey twice, data of the first year were used if they reported a history of CDI in the first year. The data of the second (i.e., most recent) year of survey were used if the respondent reported a history of CDI in only the second year or if the respondent indicated no history of CDI in either year.
The cohort was divided into three groups according to CDI status based on self-reports: current CDI (C-CDI), prior CDI (P-CDI), and never experienced CDI (NO-CDI) (Fig. 1) . To be categorized as C-CDI, the respondent had to say "yes" to all of the following: (1) having ever experienced "C. diff (antibiotic associated colitis which is diarrhea from antibiotic use)," (2) having a physician diagnosis of CDI, and (3) currently using prescription medication to treat CDI. P-CDI respondents reported all of the following: (1) ever experienced CDI, (2) a physician diagnosis for CDI, and (3) not currently using prescription medication to treat CDI. Treatment status was used in an attempt to differentiate respondents whose CDI had resolved versus those who were currently experiencing infection. NO-CDI respondents were limited to those who did not report ever experiencing CDI.
Demographic and Health Characteristic Measures
Demographic variables from the NHWS included age, education, gender, insurance status, employment status, and ethnicity (USA, Brazil, and China only). As response options for ethnicity, health insurance, and education vary among countries and across different years of the NHWS, these variables were harmonized to allow for inclusion in the analysis. Ethnicity was categorized into either majority or minority categories at the country level, with majority defined as the most frequently reported ethnicity within 1 3 that specific country, with all others categorized as minority. Insurance was dichotomized as either reporting having any kind of insurance (public and/or private), or reporting having no insurance of any kind. The education variable was categorized as the highest level of education completed based on the 2011 International Standard Classification of Education developed by the United Nations Educational, Scientific and Cultural Organization (UNESCO) as below upper secondary education, upper secondary or post-secondary nontertiary, tertiary, or decline to answer [26] .
Patient health characteristics included the Charlson comorbidity index (CCI) calculated from self-reported comorbidities [27] , antibiotic use, and healthcare resource utilization (HCRU). As the NHWS does not collect information on paraplegia or liver disease severity, the CCI used herein did not include these conditions. All HCRU variables used 6-month recall except in the case of surgery, where 12-month recall was required. The descriptive statistics for the number of HCRU visits were calculated to include respondents with no reported visits.
Outcomes Measures
The Medical Outcomes Study 36-Item Short-Form Health Survey version 2 (SF-36v2 ® ) standard (4-week recall) form was used in the NHWS to measure HRQoL [28] . The SF-36v2 ® provides scores for 8 subscales (domains) which are comprised of mutually exclusive questions: general health (GH), social functioning (SF), vitality (VT), bodily pain (BP), mental health (MH), physical functioning (PF), role-emotional (RE) and role-physical (RP), which are further combined into two scores summarizing mental (mental component summary score [MCS] ) and physical (physical component summary score [PCS] ) health. Consistent with usual practice, the scores presented here are the norm-based scores, which are standardized so that each scale has a mean score of 50 and standard deviation of 10 in the US general population. Lower values indicate worse outcomes. The SF36v2 ® also provides health utility scores with the SF-6D, a single preference-based measure of health using general population values.
Impairment to work and other activities was measured using the Work Productivity and Activity Impairment questionnaire, general health version (WPAI-GH), with a 7-day recall [29] . Outcomes calculated from responses to the WPAI-GH included degree of activity impairment due to health (activity impairment), degree of impairment while working due to health (presenteeism), percent of work missed due to health (absenteeism), and degree of overall work impairment due to health (overall work impairment, a combination of both presenteeism and absenteeism). Presenteeism, absenteeism, and overall work impairment assessments were restricted to respondents who reported part-time, full-time, or self-employment. Activity impairment was assessed among all respondents. Higher values indicate a greater degree of impairment.
Statistical Analysis
Unadjusted descriptive summary statistics were calculated for the aggregated cohort by CDI status for all demographic and outcome variables. Demographic and outcome variables were compared using the t test for continuous variables and the Chi-square test for categorical variables. Mean normbased health domain scales were described and compared between CDI groups for the aggregated cohort using the equal or unequal variance t-test depending on the variance equality test result.
Regression modeling assessed the association between CDI status and outcomes after adjusting for CCI category (0, 1 or 2, 3 or more), education level, age category (18-49, 50-64, and ≥ 65 years), sex, and country. Estimates and standard errors for activity impairment, presenteeism, absenteeism, and overall work impairment were exponentiated and derived from a generalized linear model with negative binomial distribution with log link function. All HRQoL outcomes were assessed between groups using a general linear model with normal distribution. For all comparisons, p values less than 0.05 were considered statistically significant. Minimally important differences (MIDs) were defined based on criteria from the developers of each measure. For the SF-36v2, MIDs are defined as differences in norm-based scores of at least 2 points for PCS, GH, and VT; 3 points for each of MCS, PF, BP, RP, SF, and MH; and 4 points for RE [28] . For SF-6D, MID was defined as the difference in average health utility of at least 0.041 [30] .
All analyses were performed using Statistical Analysis System (SAS), version 9.4 (SAS Institute Inc., Cary, North Carolina, USA).
Results
Among the 352,780 respondents included in the analysis, 299 (0.08%) met the criteria for C-CDI and 2111 (0.60%) for P-CDI. A plurality of respondents (45%) were from the USA, 39% from the EU5, 13% from China, and 3% from Brazil (Table 1) . Of those reporting C-CDI, nearly onehalf were from the EU5 (48%), while the majority of the P-CDI respondents were in the USA (59%). Compared to those with NO-CDI and P-CDI, respondents with C-CDI were older, were less often employed, and had a higher mean CCI score (Table 1) . Fewer people in the C-CDI and NO-CDI groups were female than in P-CDI (49, 53 vs. 67%; p values < 0.0001). Education levels differed significantly among groups, with P-CDI responders less likely than the other two groups to have tertiary education (Table 1 ). There were a significantly greater number of healthcare provider visits, emergency room visits, and hospitalizations among persons with C-CDI than among those with NO-CDI or P-CDI (Table 2) . A greater proportion of the C-CDI group reported surgeries and at least one physician visit, with the mean number of healthcare encounters among those with at least one visit also significantly higher in C-CDI than in NO-CDI or P-CDI groups (Table 2) .
Respondents with C-CDI and P-CDI reported significantly lower unadjusted mean scores across the eight SF-36 domains compared with those with NO-CDI (Fig. 2) . The C-CDI group had significantly lower scores than the P-CDI group on all domains except vitality. Results of countrylevel unadjusted analyses mirrored the aggregated analysis (data not shown). Unadjusted differences in individual health domains between groups are shown in Fig. 2 .
After adjustment for CCI scores, age, sex, education level, and country, C-CDI and P-CDI were associated with significantly lower (all p values < 0.05) mean scores for MCS (39.5, 42.7 vs. 45.7), PCS (38.9, 40.9 vs. 45.5), and health utility (0.58, 0.64 vs. 0.71) vs. NO-CDI, respectively (Figs. 3  and 4) . Persons with C-CDI had significantly lower mean scores on the MCS, PCS, and health utility versus those with P-CDI. C-CDI and P-CDI groups reported significantly greater percent of work time missed (20.8, 16 Fig. 5 ). There were no significant differences between C-CDI and P-CDI groups with respect to work productivity and activity impairment measures (Fig. 5) .
Discussion
In this large and geographically diverse analysis of the impact of self-reported CDI on HRQoL, we have found that individuals either currently treated for CDI or with a past history but no current treatment for CDI have significantly worse HRQoL, greater impairment in their daily activities, and reduced work productivity than those with no history of CDI. These differences persist even after adjusting for age, sex, CCI scores, education, and country. In addition to worsened HRQoL, C-CDI respondents suffer diminished work productivity, with the rate of absenteeism 2.5 times higher than among those with no history of CDI. The productivity loss among those attending work (i.e., presenteeism) associated with C-CDI is nearly double that of respondents with no CDI history. Additionally, after adjustment for covariates, differences between groups in PCS, MCS, and health utility met MID criteria (Figs. 3 and 4) . Compared to NO-CDI respondents, C-CDI and P-CDI persons reported significantly lower unadjusted mean scores across the eight SF-36v2 domains meeting MID criteria (Fig. 2) . When comparing P-CDI and C-CDI persons, MIDs persisted for all health domains except for VT and GH where the difference did not meet the thresholds for MID (Fig. 2) .
One prior study has noted a substantial degree of impairment to HRQoL, work, and activities in CDI using the same instruments. In an analysis of the 2010 US NHWS, Peery and colleagues noted that patients who had ever experienced CDI had a mean MCS of 45, mean PCS of 39, mean degree of activity impairment of 49%, and mean degree of overall work impairment of 50% [24] . Although difficult to interpret without a comparator, this study's results hinted at the magnitude of CDI-associated impairment. Our results build on Peery's work by confirming the overall CDI-related decrements and further clarify the differential impacts of prior and current CDI on people in comparison with those who have never experienced this affliction. In addition, whereas Peery's analysis did not attempt to deal with confounding, our adjusted analyses demonstrate persistent magnitude of CDI-associated HRQoL impairment. ; p = 0.004), presenteeism (17.9 vs. 11.3%; p < 0.001), overall work productivity loss (20.7 vs. 13.2%, p < 0.001), and activity impairment (29.6 vs. 18.9%; p < 0.001) than those without IBS-D [31] . Another study using the US NHWS found that persons with any form of IBS reported mean unadjusted MCS, PCS, activity impairment, and overall work impairment scores of 43, 42, 43, and 30%, respectively [24] . A key threat to the validity of comparing these studies to ours is the chronicity of IBS, which contrasts with the generally acute nature of CDI. In a small hospital-based matched case-control study, domains of the SF-36 were found to be lower among patients with antibiotic-associated diarrhea (n = 18) than among those without (n = 36); however, while the differences met MID criteria, no statistically significant differences were found, most likely due to the small sample size [32] . The same study also assessed HRQoL using a validated gastrointestinal disease-specific instrument, finding significantly worse HRQoL among those in the hospital with antibiotic-associated diarrhea, when compared to the published norms for active IBS patients in the USA [32] .
Since diarrhea is the most frequent symptom of CDI [33] and diarrheal diseases are known to impair HRQoL, CDI's impact on HRQoL is not surprising. Multiple patient populations, such as those with renal transplant or patients with HIV, have reported worsened HRQoL in association with acute diarrhea, some showing a dose-response effect, where the HRQoL is diminished in proportion to greater diarrheal symptoms [34, 35] .
Health utilities for noninfectious diarrhea from symptomatic prostate cancer, colorectal cancer chemotherapyinduced diarrhea, or ulcerative colitis have been used as proxies for CDI in cost-effectiveness modeling [36] [37] [38] [39] . Given that our results suggest greater impairments to HRQoL than have been noted in other gastrointestinal afflictions, a CDI-specific instrument may be useful in improving the accuracy and precision of these estimates. To date, no CDI-specific HRQoL instrument published has been fully validated, although CDI-DaySyms™ and Cdiff32 are known to be in development [23, 40] .
Our study has a number of limitations, most notably the likelihood of selection bias. While the NHWS is constructed to be representative of the general population of each country in terms of age, sex and, in the USA, racial and ethnic mix, the self-selected nature of the respondents due to the opt-in nature and the low response rates almost Table 2 Healthcare resource utilization by CDI status Unless otherwise noted, the percentage is calculated as the respondents for that category divided by the total nonmissing or declined-to-answer responses for that question Unless otherwise noted, healthcare resource utilization recall is past 6 months guarantee some degree of selection bias, likely leaving out in particular people who are either too sick to participate, or too healthy to bother. Therefore, it is likely that our results cannot be generalized to persons suffering a current bout of more severe CDI. However, it is also likely that those people, if included in our study, would have substantially increased the magnitude of HRQoL impairments associated here with current CDI. The fact that we identified an important HRQoL impairment in a group of patients with what is most likely mild-to-moderate disease demonstrates CDI's detrimental impact on these outcomes. Additionally, the majority of respondents in our analysis are from the USA or EU5, which may limit the generalizability of results outside of these geographic areas. Classification of respondents by CDI status relied on individuals being aware of and reporting their medical diagnosis. It is possible that respondents may not have identified their antibiotic-associated diarrhea as CDI. To partially address this, respondents who indicated "C. difficile (antibiotic associated colitis which is diarrhea from antibiotic use)," but did not indicate their condition was doctor-diagnosed were excluded; however, the possibility remains that true CDI respondents were misclassified as NO-CDI leading to more conservative results. Our results may also be subject to residual confounding as, though we adjusted for age, comorbidities, sex, education, and country, we could not adjust for differences in HCRU between groups due to unknown temporality. Additionally, there were likely unmeasured or unknown confounders that could have affected the results. As CDI diagnosis and treatment status were self-reported and not independently verified, the possibility of misclassification due to a recall bias exists. Variable mapping allowed us to combine data across countries for a larger sample size, but may have introduced measurement error in the covariates as the variable categories in the aggregated cohort were collapsed into fewer categories for health insurance, race/ethnicity, and education level. It should be noted that this increase in error variance would tend to reduce power (type 2 error) in the adjusted analysis rather than result in spurious findings (type 1 error). As clinically important differences have not been defined for diarrheal diseases, this study used common benchmarks for MIDs as defined by the developers of the measures; however, MIDs and clinically important differences are known to vary between populations and at different levels of HRQoL. Finally, as with any cross-sectional study, causality should not be inferred. That is, it is possible that at least in a subsample of the responders it was the worsened HRQoL that led to a positive response on the CDI questions, at least in the absence of current treatment.
Its limitations notwithstanding, our study highlights the global humanistic burden of CDI and raises important concerns regarding the degree to which CDI is associated with HRQoL, work, and activity impairments. Understanding the precise extent of CDI's impact on its sufferers' HRQoL and * Statistically significant difference versus NO-CDI, differences between P-CDI and C-CDI were not statistically significant impairment to work is essential in order to quantify the indirect costs and benefits of treatment and prevention strategies for this potentially debilitating infection.
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